Introduction
The number of older persons in our society is growing: in the Netherlands, the group of people aged 65 or older comprised 14% of the population in 2010, and by 2040 this percentage will be 23% [1] . In the United States these numbers will reach 72.1 million individuals by 2030, roughly an estimated 20% of the US population [2] . In general, older persons are in need of more chronic monitoring of health and health care than younger individuals. As a result, the burden on the health care system will grow.
There is ample evidence that a physically active lifestyle can improve and maintain general health and quality of life in older adults, leading to a lower use of health care resources and longer independent living [3] . It is therefore important to keep people physically active as they age. Current physical activity recommendations advise older adults to perform moderate-intensity aerobic physical activity for a minimum of 30 min five days a week or vigorous-intensity aerobic activity for a minimum of 20 min three days a week [4] . Based on these recommendations, 61% of U.S. older adults (2005) and 41.6% of Dutch older adults (2009) can be considered physically inactive [5, 6] . Older adults face multiple barriers to exercising regularly and therefore experience difficulties starting with a physical activity program and adhering to it. These barriers include lack of transportation to an exercise facility, fear of falling, and lack of knowledge about the beneficial effects of physical activity [3] .
Home-based physical activity interventions for older adults with or without comorbidities show promising results in enhancing starting and adherence to physical activity interventions [7] . Providing physical activity interventions in the home situation has several advantages, considering the barriers to exercise that older adults face. It removes the barrier of transportation, and makes it easier to integrate physical activity into daily life.
However, home-based physical activity interventions also pose challenges. For instance, according to Social Cognitive Theory (SCT) an important factor in adherence is feedback and encouragement [8] , yet these are difficult to provide when people exercise on their own [9] and no live supervision is available. Providing remote feedback or counseling in homebased physical activity interventions might be able to replace live supervision. Remote feedback or counseling is defined here as any structural contact between a coach or instructor with a participant that does not concern a physical meeting, and is aimed at enhancing effectiveness or adherence of a physical activity program. A commonly used tool for remote feedback is the telephone, but recently internet and video use have been expanding and might provide more possibilities than telephone contact. Messaging devices and internet-based strategies have also been reported [10, 11] . New technological advances for providing remote feedback in home-based physical activity interventions for older adults might positively influence effectiveness in enhancing target health-related outcome measures or stimulating physical activity.
It should be noted however that the effectiveness of remote feedback in home-based interventions is unknown. The main objective of this systematic review is therefore to evaluate the existing literature on the effectiveness of remote feedback strategies on physical activity and capacity in home-based physical activity interventions for older adults with or without comorbidities. In addition, a non-systematic inventory of the effect of remote feedback strategies on adherence to home-based physical activity interventions was conducted.
The bold terms are Medical Subjects Headings (MeSH) key terms. Search lines are connected as follows: #1 AND (#2 OR #3) AND #4 AND #5. To identify further studies, a related-articles search was conducted in PubMed and the reference lists of included articles for this review were scanned.
Selection of studies
After performing the searches in the databases, all duplicates were removed. The remaining references were scanned on title and abstract by two reviewers (HG & AZ) independently. Subsequently, the remaining articles were checked for relevancy for either the research question on effectiveness or the research question on adherence through full-text reading by the two reviewers independently. Discrepancies between the two reviewers were solved by discussion and a third reviewer (WZ) was consulted if disagreement persisted.
The following general inclusion criteria were formulated for study selection:
(1) The study assesses a physical activity intervention program in the home situation. In this review home-based physical activity interventions are defined as structured physical activity interventions exclusively situated in the participants' home, aimed at raising their (daily) physical activity or physical capacity. (2) The study includes at least one study group that receives the intervention exclusively in the home situation. (3) The study mentions remote feedback used in the physical activity program, which does not include any structural contact that is not remote except for effect measurements and explanation of or initiation into the exercise program. (4) The study addresses at least one aspect of general physical activity behavior or physical capacity as a primary or secondary outcome measure. Studies that only report disease-specific physical outcome measures were excluded. (5) The study concerns at least one group of participants aged 55 years and older on average. (6) The study is neither a case study nor a review. (7) The article is in the English, Dutch or German language.
Two additional inclusion criteria were defined for the effectiveness research question: (1) the design is a controlled trial with an exercise or non-exercise control group, (2) the study receives a Physiotherapy Evidence Database (PEDro) score of at least 4 out of 10 in PEDro items 2-11 as shown in Table 1 [12] . To be included in the adherence analysis, studies needed to address adherence in addition to the general selection criteria. Adherence in this review was defined as ''the degree to which a person correctly follows a prescribed exercise routine''.
Quality assessment
The PEDro scale was used to evaluate the quality of the studies. The full list is shown in Table 1 . Answer categories of PEDro items are ''yes'' or ''no'' (1 or 0 points per item) and quality assessment includes items 2-11 addressing internal and statistical validity. The reliability of the PEDro score is considered fair to good [12] . Quality assessment was performed independently by two researchers (HG & AZ), and any disagreements were solved by a third researcher (WZ). Based on guidelines for systematic reviews a study was considered to be of high quality when the sum score on the PEDro items 2-11 was 6 out of 10 or higher [13] [14] [15] . Quality assessment results of the studies were used to classify level of evidence. The best-evidence synthesis method identifies five levels of evidence [13] : -Strong evidence: generally consistent findings in multiple high-quality studies (!75% of the studies report consistent findings). -Moderate evidence: generally consistent findings in one highquality study and one or more low-quality studies, or generally consistent findings in multiple low-quality studies (!75% of the studies report consistent findings). -Limited evidence: only one study (high-or low-quality).
-Conflicting evidence: inconsistent findings in multiple studies (<75% of studies report consistent findings). -no evidence: no randomized controlled trials (RCTs) or non-RCTs.
Quantitative analysis
Effectiveness analysis of extracted data from the included articles was conducted in line with guidelines for systematic reviews from the Cochrane Collaboration Back Review Group whenever data was available [14] . The standard mean difference (SMD) with corresponding 95% confidence interval was calculated for each available outcome. Values were interpreted as follows: 0.2-0.4 is a small effect, 0.5-0.7 moderate and !0.8 large [16] . Analysis was conducted using Review Manager 5 (version 5.1.6, The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). When raw means or their standard deviations were missing, authors were contacted to retrieve these data in order to calculate standard mean differences. However, these efforts were unsuccessful. We therefore chose to only mention available SMDs. Data summarizing will be performed by a qualitative best-evidence synthesis [13, 14] .
Results
The full selection procedure flow chart is shown in Fig. 1 . The search strategy identified 2521 unique articles. After scanning their titles, 641 articles were included. Abstract reading resulted in 114 articles; after full-text reading of these, 32 articles were left for total inclusion. Agreement between reviewers for the abstract screening was 84.8%. Three articles were excluded due to a PEDro score below 4 [17] [18] [19] . Twentyfour articles were finally included in the effectiveness evaluation. The agreement between raters on the 24 included studies was 96%. The range of PEDro scores was between 4 and 7, with a median score of 6. Twenty-two articles were finally included in the adherence evaluation, exclusion being in most cases a lack of reporting on adherence.
The characteristics of the studies included are shown in detail in Table 2 . Remote contact frequencies of included studies varied, therefore these studies were divided into three groups according to frequency of contact: (1) studies using frequent telephone contact (>once a month during most of the intervention), (2) studies using non-frequent telephone contact ( once a month during most of the intervention), and (3) studies using direct remote contact during exercising.
Effectiveness of remote feedback strategies
Fourteen high-quality studies and 10 low-quality studies were included in the systematic effectiveness evaluation [7, . See Table 2 for quality scores.
Frequent telephone contact
The frequent-contact group included eight studies rated high-quality (PEDro ! 6) [20] [21] [22] [23] [24] [25] [26] [27] and eight low-quality [7, [28] [29] [30] [31] [32] [33] [34] . Evidence in the 16 studies was conflicting though, as fewer than 75% reported consistent findings. In a majority the intervention group was compared with a control group that received no intervention, received care as usual, was placed on a waiting list, etc. The intervention groups in these twelve studies showed comparable or significantly better results on physical capacity measures. For two of these studies it was possible to calculate SMDs [25, 34] . Effect sizes were À0.82 (À1.10 to 0.54) and 2.06 (0.98-3.13), illustrating the variability in effectiveness. Four out of 16 studies compared programs with feedback to an exercising control group without feedback [7, 22, 26, 32] . Results show that physical activity programs with frequent remote feedback are equally effective in enhancing physical capacity measures as (supervised) exercise programs without remote feedback. For one study SMDs on four variables could be calculated, respectively À0.21 (À0.47 to 0.04), À0.05 (À0.03 to 0.21), 0.17 (À0.08 to 0.43) and 0.2 (À0.05 to 0.45) [22] . Overall effect size was 0.03 (À0.1 to 0.15).
Non-frequent telephone contact
The non-frequent telephone contact group included five studies [35] [36] [37] [38] [39] , two high-quality [35, 36] and three low-quality [37] [38] [39] . The studies reported generally consistent findings, thus providing strong evidence. In three studies the intervention group was compared with a control group that received care as usual, etc. Results show that programs using non-frequent contact were more effective in enhancing physical activity and capacity measures than usual-care or non-exercise control groups [35] [36] [37] . Two out of five studies compared programs with feedback to an exercising control group without feedback or exercise guidelines [38, 39] . The results show that programs using non-frequent remote feedback have similar effects on physical capacity measures to supervised exercise. For one study SMDs on three variables could be calculated [38] . Effect sizes were À0.18 (À0.31 to 0.05), À0.23 (À0.36 to 0.10) and À0.06 (À0.19 to 0.07). General effect size was À0.16 (À0.23 to 0.08).
Direct remote contact
The direct-remote-contact-during-exercising group consisted of three studies using live feedback during exercising by Internet, video or telephone: two high-quality studies [40, 41] and one low-quality study [42] that report generally consistent findings and therefore provide strong evidence. In one study the control group received usual care [40] . Results show that physical activity declined significantly less in the intervention group compared to the control group. Two out of three studies compared programs with direct feedback to an exercising control group without feedback [41, 42] . Results show that programs using direct remote feedback during exercising have similar effects on physical capacity measures to supervised Table 1 Quality rating of the selected studies.
Criteria of the PEDro scale

External validity
1. Eligibility criteria were specified. a Internal and statistical validity 2. Subjects were randomly allocated to groups. 3. Allocation was concealed. 4. The groups were similar at baseline on the most important prognostic indicators. 5. There was blinding of all subjects. 6. There was blinding of all therapists who administered the therapy. 7. There was blinding of all assessors who measured at least one key outcome. 8. Measurements of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups. 9. All subjects for whom outcome measures were available received the treatment or control condition as allocated; where this was not the case, data for at least one key outcome were analyzed by ''intention to treat''. 10. The results of between-group statistical comparisons are reported for at least one key outcome. 11. The study provides both point measurements and measurements of variability for at least one key outcome.
a Quality rating only includes items 2-11.
center-based exercising. This is reflected by the effectiveness of one study [41] , which reported an SMD of À0.16.
Adherence in remote feedback strategies
Adherence was addressed in 22 studies [7, 10, 11, 20, 21, [23] [24] [25] [27] [28] [29] 31, 32, 35, 37, 41, [43] [44] [45] [46] [47] [48] . Details on adherence are shown in Table 2 . Adherence rates in intervention groups varied between 32.1 and 91%. Fourteen studies had a single-group design or did not report adherence rates in the control group. Five studies compared the intervention group to treatment as usual. Results show that adherence when providing remote feedback was higher than in the control groups. Three studies compared adherence in the remote contact group to adherence in exercising control groups without remote contact or general guidelines to increase physical activity [7, 41, 45] . One study reported that their intervention group exercising with a live connection with their instructor had a higher adherence than the group exercising at home without feedback, and adherence was comparable to a group exercising in supervised classes [41] . Another study reported a significantly higher adherence for their home-based exercising group using a text-messaging feedback strategy than for their home-based exercising group using a phone-contact feedback strategy (57.4 vs. 32.1% adherence) [10] .
Discussion and conclusion
Discussion
This systematic review presents an overview of the literature reporting about the effectiveness on physical activity and capacity of remote feedback used in home-based physical activity interventions for older adults with or without medical conditions. In addition, an inventory on adherence was taken. Frequent, nonfrequent and direct contact all seem beneficial to effectiveness, but the strength of evidence varies between these categories.
Frequent contact, mostly once a week, is often used for remote contact in home-based physical activity programs. It seems that frequent contact is equally effective or has a larger effect than care as usual or no intervention, and is equally effective as (supervised) exercise without feedback. The five non-frequent remote contact interventions show consistent positive results on several physical capacity measures [35, 38, 39] . It can be concluded that nonfrequent contact is more effective than care as usual or no intervention, and equally effective as supervised exercise without feedback. Strong evidence based on three studies indicates that direct remote contact provides positive results on physical activity and capacity measures comparable to supervised training. Direct remote contact is more effective than care as usual or no intervention, and equally effective as exercise without direct remote contact. The above-mentioned results are in line with literature pointing to the positive influence of encouragement and feedback on physical activity programs, yet some additional remarks have to be made [8] . First, it seems non-frequent contact strategies might be as effective as frequent contact strategies in raising physical activity or physical capacity. This is not in line with literature stating that a higher contact frequency is directly related to higher adherence [41, 43] or effectiveness. However, it must be mentioned that especially in the frequent contact group the heterogeneity in studies was large. Studies varied widely in design, outcome measures and target groups. This heterogeneity is probably the cause of the conflicting results for effectiveness in the frequent contact group: although it seems as if non-frequent might be more effective than direct feedback, more research is needed to confirm this outcome. Secondly, direct remote contact with a coach looks a promising alternative for center-based supervised exercising. Additional benefits of home-based exercise is that it lowers barriers of transportation to exercise facilities and can be comfortably integrated into the lifestyle of older adults, making it easier to keep up for a longer period. Direct supervision during home-based exercising is therefore a good alternative to supervised on-site exercising. Finally, it should be mentioned that only nine out of 24 studies included in the effectiveness evaluation report use an alternative exercise program as a control group [7, 22, 26, 32, 35, 38, 39, 41, 42] .
In addition to the systematic evaluation of effectiveness, adherence to home-based physical activity programs using remote feedback was inventoried non-systematically. Adherence to interventions using remote feedback seems mostly acceptableto-good, with rates in intervention groups varying between 32.1 and 91%. Several interventions using frequent feedback contact report larger adherence than their control groups, or adherence comparable to supervised exercise interventions. In the literature, supervised on-site physical activity programs have been depicted as being more effective than non-supervised programs [9] . Based on our inventory of adherence, direct remote contact during homebased exercising seems a good alternative to supervised onsite exercising. One study compared text messaging to a phone strategy [10] . Text messaging led to a significantly higher adherence than the phone strategy, which seems to be an interesting contact strategy for future use.
The contacts content in all 32 studies was inventoried. Even though use of a remote feedback strategy in studies is often a means to an end instead of a primary goal to be studied, in several articles the remote contact strategy was explicitly grounded in theory. In five studies the contacts were reported to be integrated into a counseling or motivational strategy based on theoretical background and findings from the literature [25, 31, 35, 36, 44] . Interestingly, goal-setting was used as part of a counseling or motivational strategy in three studies [25, 31, 35] . Social-cognitive strategies to enhance self-efficacy were used in two studies [29, 31, 36] . Eleven other studies mentioned using individualized feedback, education or encouragement [10, 21, 22, 24, 26, 27, 29, 30, 34, 37, 43] . The studies using a direct remote contact strategy did not report using specific theory-based motivational or coaching strategies [40] [41] [42] . Overall it can be concluded that the surplus value of theory-based remote feedback could not be determined in this review. This was mainly due to a lack of comparison between programs that integrated theory-based remote feedback and programs that did not. There are some indications that frequent or non-frequent remote contact combined with a counseling or motivational strategy could positively influence effectiveness and adherence, but more research is necessary.
Finally, it should be remarked that there are some limitations to this review. First, studies that implicitly used a remote feedback strategy might be missing, since they are not recognized by our search strategy. However, since reference lists of included studies were scanned for relevant studies, the probability of missed studies is small. In this respect, mixed remote contact designs are not included either, since studies with a substantial number of live visits were not allowed. A point of potential bias is the language selection, as only studies reported in the English, Dutch and German languages were included. Twelve articles were excluded due to this restriction, but based on the English abstracts it was concluded that these articles did not meet our inclusion criteria regardless of language. Language restrictions thus did not influence the main conclusions. In addition, no articles written in Dutch or German fulfilled the inclusion criteria, so only articles written in English were included in the final article group. This review may also have a potential publication bias, as results of relevant studies might not have been published. Since the vast majority of studies failed to report sufficient data to calculate SMDs, it was not possible to conduct a quantitative analysis. We therefore used qualitative levels of evidence to summarize the results. Use of a best-evidence synthesis is a next-best solution and is a transparent method commonly applied when statistical pooling is not feasible [14] .
Conclusions
Evidence for effectiveness of remote contact in home-based physical activity programs for older adults on enhancing physical activity varies from conflicting in frequent-contact strategies to strong in non-frequent and direct remote contact strategies. Direct remote contact looks particularly promising for enhancing effectiveness. Adherence to interventions using remote feedback seems acceptable to good. The studies in this review primarily used telephone contact strategies and showed little use of recent communication technology such as direct video contact. The studies seldom included explicit descriptions of the content of motivational or counseling strategies.
Practice implications
Remote feedback in home-based physical activity programs for older adults seems promising for enhancing effectiveness on physical activity and capacity. Modern information and communication technology offers several attractive options for providing remote feedback, and older people's skills to use such technology seem to be increasing. In 2006, 33% of Dutch 65-to 75-year-olds did not have any computer skills [49] and by 2010 this percentage was down to 25%; the percentage of older adults with computer skills thus grew from 12 to 19% [49]. Cell phone use in older adults is also rising [49]. In 2011, 58% of U.S. older adults over age 65 owned a mobile phone [50] . In addition, use of computers and cell phones is widely spread among middleaged individuals. Use of computers and mobile phones will therefore probably keep rising among older adults. Direct remote contact during exercising could be a (cost)-effective option to replace supervised training, if participants know how to work with the technology. However, more research needs to be done on feasibility and (cost)-effectiveness for use of modern technology in home-based physical activity programs for older adults.
